Objectives-To compare the degree of agreement of sonographic optic nerve sheath diameter (ONSD) measurements by ultrasound fellowship-trained and resident emergency medicine (EM) physicians.
O ptic nerve sheath diameter (ONSD) has been shown to correlate with intracranial pressure (ICP), measured with both invasive and noninvasive techniques. Invasive techniques to measure ICP are the gold standard but require time, expertise, and involve the risk of complications. Clinical studies have suggested that sonographic measurements of ONSD greater than 5 mm may predict ICP greater than 20 mmHg. 1 Elevated ICP greater than 20 mmHg correlates with poor neurologic outcome. 2 Given the ability to perform sonography rapidly at the bedside, sonographic ONSD measurements are a potentially clinically useful screening tool for elevated ICP in the emergency department. Emergency medicine (EM) physicians are adept with point-of-care ultrasound, and are therefore uniquely positioned to screen for elevated ICP early in the acute setting, and could accelerate critical medical interventions, transfer to higher level of care, or further diagnostic studies such as lumbar puncture to evaluate for infection or hemorrhage.
For bedside sonography to be a useful screening tool for elevated ICP using a predefined measurement threshold (such as 5 mm) in the emergency department, EM physicians must be able to reliability measure the ONSD. Considering that the ONSD is a small structure and that subtle measurement differences may alter the interpretation, it is necessary to be able to clearly define and accurately measure the margins of the structure. Previous work to establish inter-rater reliability (IRR) of ONSD is limited to a few studies with small sample sizes and a limited number of highly trained operators. [2] [3] [4] No study has evaluated the IRR of ONSD measurements using a large group of EM physicians with varying levels of ultrasound training. Thus, the IRR of sonographic measurement of the ONSD by EM physicians with varying sonographic training is unknown, making its clinical relevance for the general EM physician unclear. Therefore, we aimed to estimate and compare the degree of agreement of sonographic ONSD measurements by resident and ultrasound fellowship-trained EM physicians.
Materials and Methods

Study Design
This was a cross-sectional study that recruited resident and ultrasound fellowship-trained EM physicians to measure the ONSD using a computerized ruler on five separate still-frame sonograms of adult eyes that included the retrobulbar optic nerve.
Subjects
Ten ultrasound fellowship-trained EM physicians and 51 resident EM physicians in postgraduate years (PGY) 1 through 4 from a single residency were recruited for the study. The ultrasound fellowship-trained EM physicians included in this study completed residency and fellowship at four different institutions and had ultrasound experience ranging from recent EM graduates to greater than 15 years post-fellowship. Resident EM physicians had varying degrees of previous ultrasound training, ranging from none to 2 to 3 weeks of general EMrelated ultrasound training as part of their medical school or residency curriculum. Any resident or ultrasound fellowship-trained EM physician who was either directly involved with the project or who had previously seen any of the still-frame sonogram images were excluded. All physicians were enrolled using a convenience sample. Informed consent was obtained from all subjects.
Optic Nerve Sheath Images
The still-frame sonograms of adult eyes included in this study were selected from a database of ocular ultrasounds acquired by ultrasound fellowship-trained EM physicians from emergency department patients at the Denver Health Medical Center. The images were obtained from a GE Logiq P6 machine (Waukesha, WI). We used a high-frequency 10-MHz probe on the small parts preset, "tissue harmonics." We placed the probe in the horizontal axial plane in the center of the visual axis over a closed eyelid, focusing on the middle of the globe. The selected images were obtained while using still-frame B-mode sonograms of adult eyes that included at least 3 to 4 cm of the retrobulbar optic nerve, and were chosen from among our database based on good image quality and to provide a range of normal and abnormal ONSDs. The images had been securely stored without patient identifiers. Images were specifically chosen to represent a range of diameters above and below 5 mm.
Data Collection and Processing
The EM physicians who were included in the study measured the ONSD using a computerized ruler on five separate still-frame sonograms of adult eyes, including the retrobulbar optic nerve. Physicians were given one practice image to learn how to use the computerized ruler (Free Ruler 1.7b5 from www.pascal.com/software/ freeruler/) and were instructed to measure the ONSD 3 mm posterior to the retina. The subjects measured the ONSD on each of the five images in Figure 1 and recorded their measurements on a paper data sheet. Data entry was verified by methodically rechecking the data every 10th entry.
Outcome Measures
Our primary outcome was to estimate and compare the IRR of ONSD measurements by ultrasound fellowshiptrained and resident EM physicians on the same stillframe sonographic image. A secondary outcome was to estimate and compare the ONSD measurements between the two groups on each image.
Primary Data Analysis
Descriptive statistics for each ultrasound image were calculated. The Wilcoxon rank-sum test was used to compare the median ONSD measurements between the groups. The IRR was estimated by intraclass correlation coefficient (ICC), calculated using a two-way random effects model in Stata 12.1 software (StataCorp, College Station, TX) to account for provider correlation.
Results
Sixty-one EM physicians were enrolled between November 2014 and January 2015. The 10 ultrasound fellowship-trained physicians practice at multiple private and academic hospitals across the United States. Fifty-one out of 67 PGY 1 through 4 resident EM physicians from Denver Health Residency in Emergency Medicine were included in the study. Among the EM resident physicians included in the study, 16 were PGY-1, 12 were PGY-2, 14 were PGY-3, and 9 were PGY-4 residents.
The median ONSD measurement and the associated interquartile range for each ultrasound image are presented in Table 1 . Scatter plot graphs for each ultrasound image are presented in Figure 2 , with ONSD measurements obtained by ultrasound fellowshiptrained and resident EM physicians. The ICCs are reported in Table 2 . The ICC among resident EM physicians was 0.50 (95% confidence interval [CI] 0.25-0.89), and the ICC among ultrasound fellowshiptrained EM physicians was 0.73 (95% CI 0.44-0.96). Given the overlapping confidence intervals surrounding the point estimates of ICCs calculated for each group, no significant difference in IRR was observed between the two groups.
Discussion
We report a moderate degree of measurement variability among both ultrasound fellowship-trained and resident EM physicians. The ICCs were used to evaluate the degree of agreement of ONSD measurements among a large group of EM physicians with varying degrees of ultrasound training. Intraclass coefficients have been used previously to evaluate IRR among other EM ultrasound screening techniques, such as abdominal aortic aneurysms, 6 as well as to interpret ONSD measurement variability. An ICC can be interpreted as optimal (ICC > 0.8), strong (ICC 5 0.7-0.8), moderate (ICC 5 0.5-0.6), fair (ICC 5 0.3-0.4), and poor (ICC 0-0.2). 5 In our study, the point estimates of IRR for ultrasound fellowship-trained and resident EM physicians exhibited strong and moderate agreement (ICC 5 0.73 and ICC 5 0.50), respectively. Although the higher point estimate for the ICC for the ultrasound fellowship-trained EM physician suggests decreased variation in measurement among the ultrasound fellowship-trained EM physician group as compared with the resident EM physician group, the wide confidence intervals around each ICC overlap suggest that these two ICCs are not statistically significant. 
Oberfoell et al-Inter-rater Reliability of ONSD Measurements by EM Physicians
Previous studies on sonographic measurements of ONSD have found optimal ICCs among small cohorts of songraphers. Baurele et al described the optimal IRR (ICC 5 0.81-0.84) using two highly trained neurologists, who performed ONSD on healthy subjects. 7 A subsequent publication by the same authors showed similarly high IRR (ICC 5 0.82), purporting mean measurement differences of less than 5% (0.25 mm) and thus clinically acceptable, yet the Kappa coefficient was moderate (0.43). 8 Because there were only two operators from neurology training, these results are not generalizable to the spectrum of EM physicians performing point-of-care ultrasound.
Our study focused on the IRR of a few ONSD measurements performed by multiple EM physicians representing a broad spectrum of training. We observed more operator variability than was previously reported in the literature, as evidenced by poorer ICCs. This finding is likely the result of a large number of operators (n 5 61) and the wide spectrum of previous ONSD experience that our cohort of EM physicians represent. Other studies have found ONSD measurements to be inconsistent. 9 Taking these factors into consideration, our findings are more representative of "real-world" IRR of ONSD. The large degree of variability observed among EM physicians in measuring ONSD is concerning for widespread implementation of this technique to screen for elevated ICP. Moreover, our study involved measurements of static, previously acquired optic nerve sheath (ONS) images. Removing the step of image acquisition facilitated an evaluation of measurement variability alone, without allowing for additional errors to be introduced. The wide variability of ONS measurements reported in our study is both surprising and ominous, given that ONS image acquisition is widely thought to be the more difficult component of establishing ONS sonographic measurements. In actual practice, we would expect the measurement variability to be significantly greater, as image acquisition will undoubtedly impose further measurement error.
Our results suggest that increasingly reliable ONS measurements are not acquired by residency training alone, as evidenced by the similar ICCs among PGY-1 and PGY-4 resident EM physicians. Similarly, the insignificant difference between ultrasound fellowshiptrained and resident EM physician measurements suggest that ultrasound training may not adequately teach reliable ONS measurements. These findings are discordant from previous work demonstrating improved consistency among measurements with training. Ballantyne et al showed that ONSD is a rapidly learned technique, and that reviewing scanning procedures led to a reduction in interobserver variability from a median of 0.3 to 0.6 mm to 0.2 to 0.3 mm. 10 The observed improvement after ONS training is not surprising, although the duration of skill retention is unknown. Alternatively, a short-term effect following ONS training could possibly explain how our results deviated from previous work. Thus, it remains unclear what, if any, specific training could adequately teach the ONS technique to obtain reliable measurements.
This study did not address accuracy, because of the lack of gold standard neuroimaging (CT or MRI) to correspond with sonographic ONS measurements. Although our study is the first to evaluate the IRR of a large cohort of EM physicians, this study was limited by the small number of still-frame sonographic images used for measurement from each EM physician, which likely contributed to our wide confidence intervals around our point estimates for IRR. In addition, physicians did not obtain their own ultrasound images, but instead measured the ONSD on static images using a computerized ruler.
Although the measurement variability between ultrasound fellowship-trained EM and resident EM physicians did not meet statistical significance, the ONS measurements made by ultrasound fellowship-trained EM physicians trended toward greater precision. Future work to develop an ONS-specific training protocol to teach the technique could potentially improve the reliability of measurements and allow for sonographic ONSD to be used as a screening tool for elevated ICP. However, the limited ability of EM physicians to make reproducible sonographic ONSD measurements at the current time may limit its applicability as a screening tool for elevated ICP in emergency department practice.
